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PURPOSE: To form a good-quality thin diamond film with good 
reproducibility by using at least two ion beams at the time of 
forming a thin diamond film by the i on bea m vapor deposition 
method. , __ _ , 



CONSTITUTION: The first Ion beam 2 contg. a n Inert gas 




carbon is projected on a target 5 



ion, the particle 8 



contg. carbon is sputtered and supplied onto the surface 7 of a 
substrate 6, and the second Ion beam 4 is simultaneously 
projected on the surface 7 of the substrate at the incident angle 
0 of 75D 90°C. The substrate is kept at <about 1 00 C during the 
formation of the film. In addition, the energy of the first Ion beam 
2 is controlled to lOOeVp 10 keV, and the energy of thejsecond 
Ion beam 4 is adjusted to 10eVD5eV. 
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/I 1 

Specification 

1 . Title of the invention 

Method for Forming Diamond Thin Film 

2 . Claims 

1. A method for forming a diamond thin film, 
characterized by'the fact that a first ion beam including an 
inert gas or carbon is irradiated to a target containing carbon; 
particles containing carbon are sputtered and supplied to the 
surface of a substrate; and a second ion beam including hydrogen 
is irradiated at an angle of incidence of 75-90° to the surface 

* 

of the above-mentioned substrate. 

2. The method for forming a diamond thin film of Claim 1, 
characterized by the fact that the substrate temperature during 
the film formation is set to 100°C or lower. 

3. The method for forming a diamond thin film of Claim 1, 
characterized by the fact that the energy of the first ion beam 



1 Numbers in the margin indicate pagination in the foreign 
text . 



is set to 100 eV-10 KeV; and the energy of the second ion beam 
is set to 10 eV-5 KeV. 

4. The method for forming a diamond thin film of Claim 1, 
characterized by the fact that carbon is further added to the 
first ion beam. 

3 . Detailed explanation of the invention 

♦ 

(Industrial application field) 

The present invention pertains to a method for forming a 
diamond thin film using an ion-beam sputtering vapor deposition 
method. In particular, the present invention pertains to a 
method for forming a diamond thin film at low temperature 
suitable for the application to surface coating of resin 
materials, heat sink films of semiconductor devices, high- 
temperature operating semiconductor devices, etc. 

k 

(Prior art) 

■ 

Recently, the research on the formation of a diamond thin 

* 

film has been conducted in each place, and the growth of a 
diamond crystal having a distinct self shape has also been 
confirmed in an ion-beam sputtering vapor deposition method (M . 
Kitabatake and K. Wasa: J. Appl . Phys., 58, 1693 (1985)). 

< * 

(Problems to be solved by the invention) 



In the ion-beam sputtering vapor deposition method of 
Kitabatake et al . , an ion beam for sputtering a target and an 
ion beam for removing a /2 graphite-shaped carbon formed on 
the surface of a substrate are the same and adopts a 
constitution as shown in Figure 3 so that the above-mentioned 
ion beams are irradiated at a shallow angle to the surface of 
the above-mentioned substrate. In other words, in Figure 2, 31 
is an ion source, 32, an ion beam, 33 is a carbon target, 34 is 

> 

■ 

a substrate, 35 is a substrate surface, and 36 is a target 
containing carbon. In the method of Figure 2, the ion beam 32 
is used for sputtering and removes the graphite -shaped carbon 
being formed on the substrate surface 35. In Figure 3, the 
particle 36 sputtered by the ion beam 32 arrive at the surface 
35 of the substrate 14, so that a diamond thin film is formed. 
At the same time, part 32a of the ion beam 32 is irradiated to 
the substrate surface 35, and the above-mentioned unnecessary 
graphite -shaped carbon being formed on the surface is removed. 
Thus, since two functions were given to the beam 12, both the 
sputtering of the beam 12 and the incidence on the substrate 
surface 35 were difficult to be optimized, the film thickness 
distribution of the diamond thin film being formed and the 
density distribution of crystal grains were nonuniform, and the 



formation of a large-area thin film and the' reproducibility were 

k 

deficient. 

The present invention considers the above-mentioned 
problems, and its purpose is to form a good-quality diamond- 
shaped thin film with good reproducibility. 
(Means to solve the problems) 

In order to solve the above-mentioned problems, according 
• to the ? present invention, a first ion beam including an inert 

■ 

gas or carbon is irradiated to a target containing carbon, 
particles containing carbon are sputtered and supplied to the 
surface of a substrate, and. a second ion beam including hydrogen 
is irradiated at an angle of incidence of 75-90° to the surface 
of the above-mentioned substrate, so that a diamond thin film is 
formed . 
(Operation) 

In the present invention, since at least two ion beams are 
. used, the substrate position to the target containing carbon can 
be carried so that both the film thickness distribution and the 
density distribution of the diamond crystal grains are uniform. 
Thereby, the above-mentioned problems can be easily solved. 
(Application example) 

Figure 1 shows the principle of the. method of the present 
invention. 1 is a first ion source, and a first ion beam 2 for 

5 

i 



sputtering is emitted. 3 is a second ion source, and a second 
ion beam 4 is irradiated to a surface 7 of a substrate 6, 5 is 
a target containing carbon being sputtered by the beam 2, and 
particles 8 containing carbon are sputtered and become a diamond 
thin film on the surface 7 of the substrate 6. 

• According to this method, since the unnecessary graphite- 
shaped carbon being formed on the substrate surface 7 is removed 
by the second ion beam, the angle of incidence on the substrate 
surface at that time can be optimally controlled apart from the 
sputtering. 

Next, a detailed application example of the present 
invention is explained along with Figure 2. In Figure 2, the 
same numbers are given to the same parts as those of Figure 1 . 
11 is a gas inlet opening, 12 is a heat filament, 13 is a vacuum 
chamber, 14 is an argon gas bomb, 15 is a hydrogen gas bomb, 16 

» 

is a vacuum pump, 17 and 18 are grids, 19 and 20 are 
neutralizers, 21 is a heat filament, and 22 is a gas inlet 
opening. 

On the other hand, an argon gas is introduced into the ion 

• • * 

■ 

source 1 from the gas inlet opening 2, and a hydrogen gas is 
introduced into the ion source 3 from the gas inlet opening 11. 
A discharge is caused using the heat filaments 12 and 21, and 
ions are accelerated and drawn out of the grids 17 and 18. The 



ion beam 2 is advanced straight arid irradiated at least to a 

» 

graphite plate as a target 5 # and particles 8 containing carbon 
are sputtered from the graphite plate 5 and supplied to the 
surface of a substrate 6. At the same time, the beam ion 4 is 
irradiated at an angle of incidence of 75-90° to the surface of 
at least the substrate 6 . The energy of the ion beam 2 at that 
time was 1,200 eV, for instance, and the energy of the ion beam 

* 

4 was 100 eV. Also, the pressure in the vacuum chamber 13 was 
about. 2 x 10" 4 Torr, and the partial oxygen pressure of argon and 

* 

hydrogen was about 1:3. In this state, as a result of the film 
formation for 30 min, a diamond thin film in which both the film 
thickness distribution and the density distribution of the 
diamond crystal were uniform was obtained on the silicon 
substrate 6. Also, the optimum temperature of the substrate 
during the film formation was about 50°C. 

The energy of the ion beam 2 was 100 eV-10 KeV of the 
minimum energy /3 required for forming the particles 8 
containing carbon by sputtering. The reason why the upper limit 
of the energy of the ion beam 2 is set to 10 KeV is that if the 
energy exceeds this value, high-speed ions are introduced into 

■ 

the target, so that the sputtering rate is lowered. Also, the 
energy of the ion beam 4 was 10 eV-5 KeV of the minimum energy 
required for removing the graphite -shaped carbon formed on the 

7 

/ 



surface of the substrate 6. The reason why the upper limit of 
the energy of the ion beam 4 is set to 5 KeV is that if the 
energy exceeds this value, high-speed ions not only remove the 
above-mentioned graphite- shaped carbon but sputter the diamond 
crystal rains formed on the surface of the substrate 6. Here, 
two ions beams 2 and 4 have been used, however two or more ion 
beams may also be employed. Thus, with the user of two or more 
ion beams, an optimum energy for sputtering the particles 
containing carbon and an optimum energy for removing the 
graphite -shaped carbon can be respectively, independently 
selected, so that a diamond thin film can be formed with good 
reproducibility. 

* 

Here, an argon gas was introduced into the ion source 1, 

» 

and even .if an inert gas other than the argon gas or a gas 
containing carbon were introduced, a diamond thin film could be 
formed with good efficiency. Also, a mixed gas containing a 
hydrogen gas may also be used in the ion source 3, and it was 
confirmed by these inventors that the deposition rate could be 

* 

raised by introducing the gas containing carbon. Also, the ion 
beams have been mentioned, however neutral atoms neutralized by 
neutralizers 19 and 20 were also effective instead of the ion 
beams . 

8 



Also, the graphite plate has been used as the target 5, 

* 

however any target containing carbon may be employed without 
•being limited to the graphite plate. Furthermore, as the 
substrate 6, the silicon substrate has been used, however 

» 

substrates other than the silicon substrate may be used. Since 
the substrate temperature during the film formation is about 

4 

50°C, for example, it was confirmed by these inventors that even 
if a resin material was used as the substrate, it is was 
effective . 

(Effects of the invention) 

According to the method for forming a diamond thin film of 

i 

the present invention, a diamond thin film in which both the 
film thickness distribution and the density distribution of 
diamond crystal grains are uniform can be formed with good 

* 

■ 

reproducibility, so that the area can be increased, thereby 
opening a way to the next -generation high functional materials-. 
Thus, the industrial value of the present invention is very 
high . 

« 

4 . Brief description of the figures 

■ 

, Figure 1 is a basic constitutional diagram showing the 
method of the present invention, .Figure 2 is a constitutional 
diagram showing the method of an application example of the 

9 



present invention, and Figure 3 is an outlined constitutional 
diagram showing a conventional method. 

1 First ion source 

2 First ion beam 

* 

3 Second ion source 

* 

■ 

4 Second ion beam 

5 Target containing carbon 

6 Substrate 

7 Substrate surface 

8 Particle containing carbon 

* 

9 Angle of incidence of the second ion beam on the substrate 
surface 
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Figure 1 : 



First ion source 



First ion beam 



Second ion source 



Second ion beam 



Target containing carbon 



Substrate 



Substrate surface 



8 



Particle containing carbon 



0 



Angle of incidence of the second ion beam on the substrate 



surface 



Figure 2 : 



Ion source 



Ion beam 



Ion source 



Ion beam 
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5 Target 

6 Substrate 

.8 Particle containing carbon 

11 Gas inlet opening. 

12 ; Heat filament 

13 Vacuum chamber 

14 Argon gas bomb 

15 Hydrogen gas bomb 

16 . Vacuum pump 

17 Grid 
' 18 Grid 

19 Neutral izer 

20 Neutral izer 

■ 

. 21 Heat filament 
22 Gas inlet opening 

9 Angle of incidence of the ion beam 4 on the surface of the 
substrate 12 

- Figure 3 : 

31 Ion source 

32 Ion beam 

33 Carbon target 

34 * Substrate 

12 



Substrate surface 

■ * 

Particle containing carbon 



